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Scan  control  apparatus  and  method  for  a  data  processing  apparatus. 

<  

00  
10 
CO 

CM 
CO 

a .  
i n  

<§2)  A  scan  control  apparatus  performs  data  scan-in  oper- 
ation  to  data  storage  elements  (30,  40)  each  constituting  a 
bit  of  data  unit.  Data  of  the  plural  data  storage  elements  (30, 
40)  designated  by  scan  address  are  read  out  into  a  register 
(12)  where  the  data  at  the  bit  position  designated  by  the 
scan  address  is  replaced  by  data  to  be  scanned-in.  Subse- 
quently,  the  plurality  of  the  data  storage  elements  are  reset 
simultaneously  to  thereby  set  the  data  in  the  register  to  the 
original  data  storage  elements. 
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  A  scan  control  apparatus  performs  data  scan-in  oper- 
ation  to  data  storage  elements  (30,  40)  each  constituting  a 
bit  of  data  unit.  Data  of  the  plural  data  storage  elements  (30, 
40)  designated  by  scan  address  are  read  out  into  a  register 
(12)  where  the  data  at  the  bit  position  designated  by  the 
scan  address  is  replaced  by  data  to  be  scanned-in.  Subse- 
quently,  the  plurality  of  the  data  storage  elements  are  reset 
simultaneously  to  thereby  set  the  data  in  the  register  to  the 
original  data  storage  elements. 



BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  s c a n   c o n t r o l  

a p p a r a t u s   and   m e t h o d   f o r   a  d a t a   p r o c e s s i n g   a p p a r a t u s .  

Among  t e c h n i q u e s   w h i c h   h a v e   b e e n   h e r e t o f o r e  

a d o p t e d   w i d e l y   as  an  e f f e c t i v e   m a i n t e n a n c e   and   d i a g n o s i s  

m e t h o d   f o r   t h e   d a t a   p r o c e s s i n g   a p p a r a t u s ,   t h e r e   can   b e  

m e n t i o n e d   a  s c a n - i n / s c a n - o u t   c o n t r o l   s y s t e m .   W i t h   t h e  

t e r m   " s c a n " ,   i t   i s   i n t e n d e d   to   mean  t h a t   a d d r e s s e s  

( r e f e r r e d   to  as  t h e   s c a n   a d d r e s s )   a r e   a s s i g n e d   s p e c i f i c a l l y  

to  d a t a   s t o r a g e   e l e m e n t s   s u c h   as  r e g i s t e r s ,   f l i p - f l o p s ,  

m e m o r i e s   and  t h e   l i k e   i n c o r p o r a t e d   in   t h e   d a t a   p r o c e s s i n g  

a p p a r a t u s ,   w h e r e i n   w r i t i n g   of  a  p r e d e t e r m i n e d   v a l u e  

( r e f e r r e d   to   as  s c a n - i n   o p e r a t i o n )   or  r e a d i n g   of   a  

p r e d e t e r m i n e d   v a l u e   ( r e f e r r e d   to   as  s c a n - o u t   o p e r a t i o n )  

to  or  f r o m   s e p c i f i c   or  g i v e n   d a t a   s t o r a g e   e l e m e n t s   i s  

p e r f o r m e d   in   a c c o r d a n c e   w i t h   a  s o - c a l l e d   s c a n   l o g i c  

i n d e p e n d e n t   of  o r d i n a r y   l o g i c   o p e r a t i o n .  

I m p o r t a n t   a p p l i c a t i o n s   of  t h e   s c a n - i n / s c a n - o u t  

c o n t r o l   i n c l u d e   a  m i c r o - d i a g n o s i s   in   w h i c h   t h e   d i a g n o s i s  

of  l o g i c   i s   p e r f o r m e d   by  w r i t i n g   d a t a   w h i c h   i s   t h e n   r e a d  

ou t   to   be  c o m p a r e d   w i t h   an  e x p e c t e d   v a l u e ,   and   a  s o - c a l l e d  

l o g o u t   o p e r a t i o n   in   w h i c h   upon   o c c u r r e n c e   of  f a i l u r e   i n  

a  d a t a   p r o c e s s i n g   a p p a r a t u s ,   t h e   s t a t e s   of   t h e   i n d i v i d u a l  

d a t a   s t o r a g e   e l e m e n t   a r e   r e a d   ou t   to  be  s t o r e d   in   a n  

e x t e r n a l   memory  f o r   p e r f o r m i n g   a n a l y s i s   of   t h e   f a i l u r e .  



In  r e c e n t   y e a r s ,   t h e r e   i s   g r o w i n g   t e n d e n c y   t h a t   a  g r e a t  

n u m b e r   of  l o g i c s   a r e   a c c o m m o d a t e d   in   a  s i n g l e   c h i p   i n  

a c c o m p a n i m e n t   to   p r o g r e s s   in   t h e   s e m i c o n d u c t o r   t e c h n o l o g y .  

U n d e r   t h e   c i r c u m s t a n c e ,   d i f f i c u l t y   i s   e n c o u n t e r e d   i n  

o b s e r v i n g   e x t e r n a l l y   t h e   l o g i c a l   s i g n a l s   w i t h   t h e   a i d   o f  

a  l o g i c   s c o p e .   A c c o r d i n g l y ,   t h e   s c a n - i n / s c a n - o u t  

o p e r a t i o n   c a p a b l e   of  w r i t i n g   and  r e a d i n g   d a t a   s t r a i g h t -  

f o r w o r d l y   i n   and  f r o m   t h e   l o g i c   e l e m e n t s   a s s u m e s   g r e a t  

i m p o r t a n c e .  

In  t h e   h i t h e r t o   known  s c a n - i n / s c a n - o u t   c o n t r o l ,  

t h e   a l l o c a t i o n   of  t h e   s c a n   a d d r e s s e s   t h e   i n d i v i d u a l   d a t a  

s t o r a g e   e l e m e n t s   a r e   made  s u c h   t h a t   l o g i c a l l y   s i g n i f i c a n t  

i n d i v i d u a l   b i t s   of  f l i p - f l o p s   c o n s t i t u t i n g   a  r e g i s t e r   o f  

one  b y t e   (8  b i t s )   a r e   a r r a y e d   in   a  same  s c a n   a d d r e s s   o r  

a l t e r n a t i v e l y   t h o s e   w o r d s   w h i c h   b e a r   l o g i c a l l y   i m p o r t a n t  

r e l a t i o n s   a r e   d i s p o s e d   a d j a c e n t   to   one  a n o t h e r   f o r  

c o n v e n i e n c e   to   t h e   h a r d w a r e   a n d / o r   s o f t w a r e   w h i c h   m a k e s  

use   of  t h e   s c a n - i n / s c a n - o u t   o p e r a t i o n .   H o w e v e r ,   p a c k a g i n g  

c o n d i t i o n s   f o r   r e a l i z i n g   l o g i c s ,   e . g .   t h e   p a c k a g i n g  

c o n d i t i o n s   f o r   LSI  ( l a r g e   s c a l e   i n t e g r a t i o n )   c h i p s   a n d  

p a c k a g e   ( b o a r d   i n c o r p o r a t i n g   a  l a r g e   n u m b e r   of   L S I s )  

f r e q u e n t l y   m i s m a t c h   l o g i c a l   c o n d i t i o n s ,   i n v o l v i n g   a  d i s -  

a d v a n t a g e   t h a t   a  g r e a t   n u m b e r   of  l o g i c   g a t e s   h a v e   to   b e  

u s e d   f o r   p r e p a r i n g   t h e   s c a n   a d d r e s s   of  a  l o g i c a l   a r r a y   o r  

c o n f i g u r a t i o n .   B e s i d e s ,   in   c a s e   t h e   b u r d e n   to   t h e   l o g i c  

i n c r e a s e s   e x c e s s i v e l y ,   t h e   l o g i c a l l y   s i g n i f i c a n t  

( m e a n i n g f u l )   a r r a y   of   t h e   s c a n   a d d r e s s   has   to   be  a b a n d o n e d ,  

and  t h e   l o g i c a l l y   s i g n i f i c a n t   d a t a   mus t   be  d i v i d e d   a n d  



a l l o c a t e d   to   a  n u m b e r   of   s c a n   a d d r e s s e s ,   w h i c h   means   a n  

i n c r e a s e d   b u r d e n   on  t h e   u s e r .   F u r t h e r ,   a l t e r a t i o n   o f  

l o g i c   e x t e r t s   d i r e c t   i n f l u e n c e   to  t h e   a l l o c a t i o n   of  t h e  

s c a n   a d d r e s s e s ,   r e s u l t i n g   in   t h a t   t h e   f r e q u e n c y   o f  

a l t e r a t i o n   of  a l l o c a t i o n   of  t h e   s c a n   a d d r e s s e s   i s  

i n c r e a s e d ,   w h i c h   in   t u r n   means   t h a t   m a n - h o u r   i s   r e m a r k a b l y  

i n c r e a s e d   in   h a n d l i n g   t h e   h a r d w a r e   and  s o f t w a r e   in   w h i c h  

t h e   s c a n - i n / s c a n - o u t   o p e r a t i o n   i s   f r e q u e n t l y   r e s o r t e d   t o .  

U .S .   P a t e n t   A p p l i c a t i o n   S e r i a l   No.  5 7 8 , 7 9 3  

( f i l e d   on  F e b r u a r y   10,   1 9 8 4 )   d i s c l o s e s   s c a n   c o n t r o l  

a p p a r a t u s   and   m e t h o d   f o r   s o l v i n g   t h e   p r o b l e m s   m e n t i o n e d  

a b o v e .   A c c o r d i n g   to   t h e   t e a c h i n g   d i s c l o s e d   in   t h i s  

U .S .   A p p l i c a t i o n ,   p h y s i c a l   s c a n   a d d r e s s e s   a r e   a l l o c a t e d  

to  t h e   d a t a   s t o r a g e   e l e m e n t s   in   c o n f o r m a n c e   w i t h   t h e  

p a c k a g i n g   c o n f i g u r a t i o n ,   w h i l e   l o g i c a l l y   e d i t e d   s c a n  

a d d r e s s e s   a r e   a l l o c a t e d   to  t h e   d a t a   s t o r a g e   e l e m e n t s  

i n d e p e n d e n t   of  t h e   p h y s i c a l   s c a n   a d d r e s s e s .   In  t h e   s c a n  

o p e r a t i o n ,   t h e   s c a n   a d d r e s s   i s   g i v e n   by  t h e   l o g i c a l   a d d r e s s  

and  t r a n s l a t e d   to  t h e   p h y s i c a l   s c a n   a d d r e s s   in   a c c o r d a n c e  

w i t h   t h e   l o g i c a l   s c a n   a d d r e s s ,   w h e r e i n   t h e   s c a n - i n   o r  

s c a n - o u t   o p e r a t i o n   i s   p e r f o r m e d   on  t h e  b a s i s   of  t h e  

p h y s i c a l   s c a n   a d d r e s s .   A c c o r d i n g l y ,   t h e   l o g i c a l   s c a n  

a d d r e s s   can   be  a l l o c a t e d ,   f o r   e x a m p l e ,   on  t h e   b a s i s   o f  

r e g i s t e r s   e a c h   c o n s t i t u t i n g   a  l o g i c a l l y   s i g n i f i c a n t   b y t e  

w i t h o u t   b e i n g   s u b j e c t e d   to   c o n s t r a i n t s   i m p o s e d   by  t h e  

p a c k a g i n g   c o n d i t i o n s ,   w h i l e   t h e   p h y s i c a l   s c a n   a d d r e s s   c a n  

be  a l l o c a t e d   in   c o n f o r m a n c e   w i t h   t h e   p a c k a g i n g   c o n d i t i o n s  

i n d e p e n d e n t   of  t h e   l o g i c a l l y   s i g n i f i c a n t   u n i t .  



A c c o r d i n g   to   t h e   e x e m p l a r y   e m b o d i m e n t   d i s c l o s e d  

in  t h e   a b o v e   U .S .   P a t e n t   A p p l i c a t i o n ,   a  t r a n s l a t i o n   t a b l e  

i s   r e f e r r e d   to  i n d e p e n d e n c e   on  t h e   l o g i c a l   s c a n   a d d r e s s  

i n d i c a t i n g   t h e   s c a n - i n   or  s c a n - o u t   o p e r a t i o n   to   d e r i v e   a  

p l u r a l i t y   of   p h y s i c a l   s c a n   a d d r e s s e s   on  t h e   b i t   b a s i s .  

More  s p e c i f i c a l l y ,   a  l o g i c a l   a d d r e s s   i n d i c a t e s   a  r e g i s t e r  

of  one  l o g i c a l l y   s i g n i f i c a n t   b y t e .   A c c o r d i n g l y ,   t h e  

l o g i c a l   a d d r e s s   i s   t r a n s l a t e d   i n t o   e i g h t   p h y s i c a l   s c a n  

a d d r e s s e s   d e s i g n a t i n g   e i g h t   l a t c h e s   e a c h   of  one  b i t .   I n  

a c c o r d a n c e   w i t h   t h e   e i g h t   p h y s i c a l   s c a n   a d d r e s s e s ,   t h e  

s c a n - i n / s c a n - o u t   o p e r a t i o n   i s   s e q u e n t i a l l y   p e r f o r m e d   b i t  

by  b i t .   The  s y s t e m   in   w h i c h   t h e   s c a n - i n   o p e r a t i o n   i s  

p e r f o r m e d   on  t h e   b i t   b a s i s   h o w e v e r   s u f f e r s   a n o t h e r   p r o b l e m  

t h a t   t h e   l o g i c a l   s c a l e   of   t h e   d a t a   p r o c e s s i n g   a p p a r a t u s  

as  a  w h o l e   i s   i n c r e a s e d ,   b e c a u s e   two  g a t e s   a r e   r e q u i r e d ,  

r e s p e c t i v e l y ,   f o r   t h e   s e t   ( " 1 " )   i n p u t   and  t h e   r e s e t   ( " 0 " )  

i n p u t   to   e a c h   of  t h e   l a t c h e s   e a c h   of   one  b i t .  

SUMMARY  OF  THE  INVENTION 

An  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e  

a  s c a n   c o n t r o l   a p p a r a t u s   i n   w h i c h   t h e   n u m b e r   of   l o g i c   g a t e s  

r e q u i r e d   f o r   t h e   s c a n - i n   o p e r a t i o n   can   be  s i g n i f i c a n t l y  

r e d u c e d .  

A n o t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  s c a n   c o n t r o l   m e t h o d   f o r   t h e   s c a n - i n   o p e r a t i o n .  

A c c o r d i n g   to   an  a s p e c t   of  t h e   i n v e n t i o n ,   t h e  

d a t a   s t o r a g e   e l e m e n t s   a r e   d i v i d e d   or  g r o u p e d   i n t o   a  d a t a  

u n i t   ( o r   u n i t   d a t a )   i n c l u d i n g   a  p l u r a l i t y   of   b i t s .   T h e  



c o n t e n t s   of   t h e   d a t a   s t o r a g e   e l e m e n t s   of  t h e   d a t a   u n i t  

i n c l u d i n g   t h e   d a t a   s t o r a g e   e l e m e n t s   d e s i g n a t e d   by  t h e   s c a n  

a d d r e s s   a r e   once   r e a d   o u t .   A  b i t   c o n t a i n e d   in   t h e   d a t a  

as  r e a d   ou t   and  d e s i g n a t e d   by  t h e   s c a n   a d d r e s s   i s   r e p l a c e d  

by  s c a n - i n   d a t a .   S u b s e q u e n t l y ,   a f t e r   a l l   t h e   b i t s   of  t h e  

d a t a   s t o r a g e   e l e m e n t s   of   t h e   d a t a   u n i t   as  r e a d   ou t   h a v e  

b e e n   r e s e t ,   t h e   d a t a   r e a d   ou t   and   p a r t i a l l y   m o d i f i e d   b y  

t h e   b i t   r e p l a c e m e n t   a r e   s e t   to   t h e   o r i g i n a l   d a t a   s t o r a g e  

e l e m e n t s .   In  t h i s   m a n n e r ,   t h e   d a t a   to   be  s c a n n e d - i n   i s  

s e t   to   t h e   d a t a   s t o r a g e   e l e m e n t   of  one  b i t   to   be  s c a n n e d -  

i n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  i s   a  b l o c k   d i a g r a m   s h o w i n g   a  g e n e r a l  

a r r a n g e m e n t   of  a  s c a n   c o n t r o l   a p p a r a t u s   a c c o r d i n g   to  a n  

e m b o d i m e n t   of  t h e   i n v e n t i o n ;  

F i g .   2  i s   a  d i a g r a m   s h o w i n g   a  c i r c u i t   c o n f i g u -  

r a t i o n   of   an  a d d r e s s   t r a n s l a t o r   e m p l o y e d   in   t h e   a p p a r a t u s  

shown  in   F i g .   1 ;  

F i g .   3  i s   a  v i e w   s h o w i n g   in   d e t a i l   an  a d d r e s s  

t r a n s l a t i o n   t a b l e   e m p l o y e d   in   t h e   a d d r e s s   t r a n s l a t o r ;  

F i g .   4  i s   a  d i a g r a m   s h o w i n g   a  c i r c u i t   c o n f i g u -  

r a t i o n   of   a  s c a n   c o n t r o l l e r   e m p l o y e d   i n   t h e   a p p a r a t u s  

shown  in   F i g .   1 ;  

F i g .   5  i s   a  d i a g r a m   s h o w i n g   in   d e t a i l   a  c i r c u i t  

c o n f i g u r a t i o n   of   a  s c a n   s e q u e n c e   c o n t r o l l e r   shown  i n  

F i g .   4;  a n d  

F i g .   6  i s   a  v i e w   i l l u s t r a t i n g   in   d e t a i l  



c o n f i g u r a t i o n s   of   p a c k a g e s   shown  i n   F i g .   1 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

Now,  t h e   i n v e n t i o n   w i l l   be  d e s c r i b e d   i n   d e t a i l  

i n   c o n j u n c t i o n   w i t h   an  e x e m p l a r y   e m b o d i m e n t   by  r e f e r r i n g  

to   t h e   d r a w i n g s .  

F i g .   1  shows   s c h e m a t i c a l l y   a  g e n e r a l   a r r a n g e m e n t  

of   a  s c a n   c o n t r o l   a p p a r a t u s .   In  t h e   f i g u r e ,   l o g i c s   f o r  

p e r f o r m i n g   o r d i n a r y   l o g i c   o p e r a t i o n s   a r e   o m i t t e d   f r o m  

i l l u s t r a t i o n .   A  d a t a   p r o c e s s i n g   u n i t   i s   c o n s t i t u t e d   b y  

a  n u m b e r   of  p a c k a g e s ,   of   w h i c h   o n l y   two  p a c k a g e s   40  a n d  

50  a r e   t y p i c a l l y   s h o w n .   A  d i a g n o s i s   c o n t r o l l e r   10  s e t s   a  

l o g i c a l   s c a n   a d d r e s s   i n   an  a d d r e s s   r e g i s t e r   11  f o r   p e r -  

f o r m i n g   t h e   s c a n - i n / s c a n - o u t   o p e r a t i o n   to   d a t a   s t o r a g e  

e l e m e n t s   i n c o r p o r a t e d   in   t h e   p a c k a g e   40  or   50,   t h e   l o g i c a l  

s c a n   a d d r e s s   t h e n   b e i n g   s u p p l i e d   to   an  a d d r e s s   t r a n s l a t o r  

20.  The  l o g i c a l   s c a n   a d d r e s s   d e s i g n a t e s   e i g h t   d a t a  

s t o r a g e   e l e m e n t s   c o n s t i t u t i n g   one  l o g i c a l l y   s i g n i f i c a n t  

b y t e   as  a  s i n g l e   d a t a   u n i t ,   by  way  of  e x a m p l e .   Upon  s c a n -  

in   ( w r i t i n g )   o p e r a t i o n ,   a  d a t a   r e g i s t e r   12  i s   l o a d e d   w i t h  

one  b y t e   d a t a   w h i c h   i s   to   be  s c a n n e d - i n   ( w r i t t e n - i n )   t o  

e i g h t   d a t a   s t o r a g e   e l e m e n t s   d e s i g n a t e d   by  t h e   a f o r e m e n -  

t i o n e d   l o g i c a l   s c a n   a d d r e s s ,   w h i c h   d a t a   i s   t h e n   s u p p l i e d  

to  t h e   a d d r e s s   t r a n s l a t o r   20.  On  t h e   o t h e r   h a n d ,   u p o n  

s c a n - o u t   ( r e a d i n g )   o p e r a t i o n ,   one  b y t e   d a t a   s c a n n e d   o u t  

( r e a d   o u t )   f r o m   t h e   p a c k a g e   40  or  50  i s   p l a c e d   in   t h e   d a t a  

r e g i s t e r   12.  T h e  d i a g n o s i s   c o n t r o l l e r   10  o u t p u t s   a  s c a n  

t r i g g e r   s i g n a l   on  a  l i n e   13  and   a  s c a n   mode  s i g n a l   o n  



a  l i n e   14 ,   t h e   l a t t e r   d e s i g n a t i n g   s e l e c t i v e l y   t h e   s c a n - i n  

or  s c a n - o u t   o p e r a t i o n .   More  s p e c i f i c a l l y ,   l o g i c   " 1 "  

s i g n a l   i s   o u t p u t t e d   on  t h e   l i n e   14  f o r   t h e   s c a n - i n  

( w r i t i n g )   o p e r a t i o n ,   w h i l e   l o g i c   "0"  s i g n a l   i s   p r o d u c e d  

f o r   t h e   s c a n - o u t   ( r e a d i n g )   o p e r a t i o n .  

In  r e s p o n s e   to  t h e   r e c e p t i o n   of  t h e   l o g i c a l   s c a n  

a d d r e s s   s u p p l i e d   f r o m   t h e   d i a g n o s i s   c o n t r o l l e r   10,   t h e  

a d d r e s s   t r a n s l a t o r   20  g e n e r a t e s   e i g h t   p h y s i c a l   s c a n  

a d d r e s s e s   w h i c h   a r e   s u p p l i e d   to   a  s c a n   c o n t r o l l e r   30  b y  

way  of  a  l i n e   20a .   A d d i t i o n a l l y ,   t h e   a d d r e s s   t r a n s l a t o r  

20  t r a n s f e r s   d a t a   to  be  s c a n n e d - i n   or  d a t a   s c a n n e d   o u t  

w i t h   t h e   s c a n   c o n t r o l l e r   30  by  way  of   a  l i n e   20b ,   as  w i l l  

be  d e s c r i b e d   h e r e i n a f t e r   in   more   d e t a i l   by  r e f e r r i n g   t o  

F i g .   2 .  

The  s c a n   c o n t r o l l e r - 3 0   s u p p l i e s   t h r o u g h   a  l i n e  

30a  v a r i o u s   s i g n a l s   ( w h i c h   w i l l   be  e x p l a i n e d   h e r e i n a f t e r )  

to   t h e   p a c k a g e   40  or   50  in   a c c o r d a n c e   w i t h   t h e   p h y s i c a l  

s c a n   a d d r e s s e s   g e n e r a t e d   by  t h e   a d d r e s s   t r a n s l a t o r   20  f o r  

p e r f o r m i n g   t h e   s c a n - i n / s c a n - o u t   o p e r a t i o n .   S c a n - i n   d a t a  

( i . e .   d a t a   to   be  s c a n n e d - i n   or  w r i t t e n - i n )   make  a p p e a r a n c e  

on  t h e   l i n e   30b ,   w h i l e   t h e   s c a n n e d - o u t   d a t a   ( i . e .   d a t a  

r e a d   o u t )   a r e   p r o d u c e d   on  a  l i n e   60.  W i t h   r e g a r d s   to  t h i s  

o p e r a t i o n ,   d e s c r i p t i o n   w i l l   be  made  in   d e t a i l   by  r e f e r r i n g  

to  F i g .   4.  F u r t h e r ,   t h e   p a c k a g e s   40  and  50  a r e   e x e m p l i f i e d  

in   d e t a i l   in   F i g .   6 .  

F i g .   2  i l l u s t r a t e s   in   d e t a i l   a  c i r c u i t   c o n f i g u -  

r a t i o n   of  t h e   a d d r e s s   t r a n s l a t o r   20  shown  in   F i g .   1.  As 

d e s c r i b e d   a b o v e ,   t h e   a d d r e s s   t r a n s l a t o r   20  r e c e i v e s   t h e  



l o g i c a l   s c a n   a d d r e s . s   f r o m   t h e   a d d r e s s   r e g i s t e r   11  i n c o r p o -  

r a t e d   in   t h e   d i a g n o s i s   c o n t r o l l e r   10.   The  l o g i c a l   s c a n  

a d d r e s s   i s   o n c e   p l a c e d   in   an  a d d r e s s   t r a n s l a t i o n   t a b l e  

22.  A  s e l e c t   c o n t r o l l e r   21  r e s p o n d s   to  t h e   s c a n   t r i g g e r  

s i g n a l   s u p p l i e d   t h e r e t o   t h r o u g h   t h e   l i n e   13  f r o m   t h e  

d i a g n o s i s   c o n t r o l l e r   10  to   t h e r e b y   i n c r e m e n t   s e q u e n t i a l l y  

t h e   c o n t e n t s   of  a  t h r e e - b i t   r e g i s t e r   23  f r o m   "0"  to   " 7 "  

i n   d e c i m a l   n o t a t i o n .   The  a d d r e s s   t r a n s l a t i o n   t a b l e   2 2  

c r e a t e s   e i g h t   p h y s i c a l   s c a n   a d d r e s s e s   e a c h   c o n s i s t i n g   o f  

a  more   s i g n i f i c a n t   a d d r e s s   s e c t i o n   c o n s t i t u t e d   by  t h e  

l o g i c a l   s c a n   a d d r e s s   s u p p l i e d   f r o m   t h e   r e g i s t e r   11  and   a  

l e s s   s i g n i f i c a n t   a d d r e s s   s e c t i o n   of   " 0 " ,   " 2 " ,   . . . ,   o r  

"7"  s u p p l i e d   f r o m   t h e   a d d r e s s   r e g i s t e r   2 3 .  

F i g .   3  i l l u s t r a t e s   a  s c a n   a d d r e s s   t r a n s l a t i o n  

p r o c e s s   t o g e t h e r   w i t h   a  f o r m a t   of   t h e   a d d r e s s   t r a n s l a t i o n  

t a b l e   2 2 .  

The  a d d r e s s   r e g i s t e r   11  shown  i n   F i g .   3  i s   o f  

t h e   same  c o n f i g u r a t i o n   as  t h e   a d d r e s s   r e g i s t e r   11  s h o w n  

in   F i g s .   1  and   2  and  c o n t a i n s   a  l o g i c a l   s c a n   a d d r e s s   o f  

16  b i t s .   E i g h t   b i t s   of  e a c h   of   t h e   l o g i c a l   s c a n   a d d r e s s e s  

a r e   a s s i g n e d   f o r   c o n s t i t u t i n g   one  w o r d .   In   t h e   c a s e   o f  

t h e   i l l u s t r a t e d   e m b o d i m e n t ,   t h e   s c a n   a d d r e s s e s   e a c h   o f  

16  b i t s   and  h e n c e   65  K  w o r d s   (K  =  1 , 0 2 4 )   of  t h e   s c a n  

a d d r e s s e s   a r e   made  a v a i l a b l e   f o r   a l l o c a t i o n .   F u r t h e r ,  

t h e r e   i s   p r o v i d e d   a  r e g i s t e r   23  c o n t a i n i n g   t h r e e   b i t s   f o r  

i n d i c a t i n g   t h e   b i t   p o s i t i o n   in   t h e   s c a n   a d d r e s s .   By 

e m p l o y i n g   t h e   t h r e e   b i t s   as  t h e   l e s s   s i g n i f i c a n t   a d d r e s s  

in   c o m b i n a t i o n   w i t h   t h e   c o n t e n t s   of   t h e   r e g i s t e r   11  a s  



t h e   more   s i g n i f i c a n t   a d d r e s s ,   a  memory  221  of  t h e  

t r a n s l a t i o n   t a b l e   22  can   be  r e a d   o u t .   The  o u t p u t   d a t a  

of  t h e   memory  221  i s   l o a d e d   in   a  r e g i s t e r   222  to   b e  

s u b s e q u e n t l y   s u p p l i e d   to  a  g r o u p   of  r e g i s t e r s   2 5 - 0 ,   2 5 - 1 ,  

. . . ,   2 5 - 7   ( F i g .   2 ) .   The  a d d r e s s   t r a n s l a t o r   20  s e q u e n t i a l l y  

i n c r e m e n t s   t h e   c o n t e n t s   of   t h e   r e g i s t e r   23  one  by  one  t o  

r e a d   t h e   memory  221  f o r   t h e r e b y   d e t e r m i n i n g   t h e   p h y s i c a l  

s c a n   a d d r e s s e s   e a c h   of   e i g h t   b i t s   w h i c h   a r e   t h e n   s t o r e d  

in   t h e   a d d r e s s   r e g i s t e r s   2 5 - 0 ,   2 5 - 1 ,   . . . ,   2 5 - 7   s e q u e n t i a l l y  

t h r o u g h   t h e   s e l e c t o r   24  u n d e r   t h e   command  of  t h e   r e g i s t e r  

23  ( F i g .   2 ) .  

Upon  u se   of   t h e   p h y s i c a l   s c a n   a d d r e s s   f o r   t h e  

c o n t r o l   p u r p o s e ,   i t   i s   d i v i d e d   i n t o   5  b i t s   f o r   a  p a c k a g e  

(PK)  f i e l d   or  s e c t i o n ,   7  b i t s   f o r   a  LSI  s e c t i o n ,   4  b i t s  

f o r   a  BYTE  s e c t i o n   and   3  b i t s   f o r   a  BIT  s e c t i o n .   I t  

s h o u l d   h o w e v e r   be  n o t e d   t h a t   s u c h   a l l o c a t i o n   of   t h e  

n u m b e r s   of  b i t s   i s   n o t   i n d i s p e n s a b l e   f o r   t h e   e s s e n c e   o f  

t h e   p r e s e n t   i n v e n t i o n   b u t   can  be  c o r r e s p o n d i n g l y   m o d i f i e d  

in   d e p e n d e n c e   on  p r a c t i c a l   a p p l i c a t i o n s .   The  PK  f i e l d  

or  s e c t i o n   s e r v e s   to   r e p r e s e n t   t h e   p a c k a g e   i d e n t i f i c a t i o n  

n u m b e r .   S i n c e   t h e   l o g i c   u n d e r   c o n s i d e r a t i o n   i s   a s s u m e d  

to  be  c o n s t i t u t e d   by  a t   l e a s t   32  p a c k a g e s   in   t h e   c a s e   o f  

t h e   i l l u s t r a t e d   e m b o d i m e n t ,   t h e   PK  f i e l d   or  s e c t i o n  

r e q u i r e s   5  b i t s .   The  LSI  f i e l d   r e p r e s e n t s   t h e   i d e n t i -  

f i c a t i o n   n u m b e r s   of   LSI s   i n c o r p o r a t e d   in   e a c h   of   t h e  

p a c k a g e s   PK.  W i t h   7  b i t s   of  t h e   LSI  f i e l d ,   i t   i s   p o s s i b l e  

to  i d e n t i f y   t h e   L S I s   in   a  n u m b e r   up  to  125  a t   m a x i m u m .  

The  BYTE  f i e l d   and   t h e   BIT  f i e l d   d e s i g n a t e   t h e   b i t   n u m b e r s  



of  t h e   i n d i v i d u a l   f l i p - f l o p s   i n c o r p o r a t e d   in   e a c h   of  t h e  

L S I s   i n   b y t e   and   b i t ,   r e s p e c t i v e l y ,   w h e r e i n   t h e   f l i p - f l o p s  

up  to   128  b i t s   can   be  i d e n t i f i e d   i n   e a c h   of   L S I s .  

The  l o g i c a l   s c a n   a d d r e s s   and   t h e   p h y s i c a l   s c a n  

a d d r e s s   f o r   t h e   d a t a   s t o r a g e   e l e m e n t   t y p i f i e d   by  t h e   f l i p -  

f l o p   can   be  a l l o c a t e d   in   a  m a n n e r   m e n t i o n e d   b e l o w .  

By  way  of   e x a m p l e ,   a  s i n g l e   r e g i s t e r   w h i c h  

c o n s t i t u t e s   one  l o g i c a l l y   s i g n i f i c a n t   b y t e   w i l l   be  c o n -  

s i d e r e d .   I t   i s   a s s u m e d   t h a t   one  r e g i s t e r   i s   c o n s t i t u t e d   b y  

e i g h t   f l i p - f l o p s   i n c l u d i n g   f o u r   f l i p - f l o p s   4 0 1 - 0 ,   4 0 1 - 1 ,  

4 0 1 - 2   and  4 0 1 - 3   on  t h e   p a c k a g e   40  and  f o u r   f l i p - f l o p s  

5 0 1 - 0 ,   5 0 1 - 1 ,   5 0 1 - 2   and   5 0 1 - 3   on  t h e   p a c k a g e   50,   as  i s  

i l l u s t r a t e d   i n   F i g .   6,  and   t h a t   t h e   f l i p - f l o p s   4 0 1 - 0   t o  

4 0 1 - 3   a r e   i n c o r p o r a t e d   in   one  LSI  w h i l e   t h e   f l i p - f l o p s  

5 0 1 - 0   to   5 0 1 - 3   a r e   i n c o r p o r a t e d   in   a n o t h e r   L S I .  

C o n c e r n i n g   t h e   l o g i c a l   s c a n   a d d r e s s ,   a  s i n g l e  

common  word   ( e . g .   " 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 "   in   b i n a r y   n o t a t i o n )  

i s   a l l o c a t e d   to   t h e s e   e i g h t   f l i p - f l o p s .   On  t h e   o t h e r   h a n d ,  

t h e   p h y s i c a l   s c a n   a d d r e s s   f o r   e a c h   of  t h e   f l i p - f l o p s   i s  

c o n s t i t u t e d   by  t h e   PK  s e c t i o n   or  f i e l d ,   LSI  f i e l d   a n d  

t h e   BYTE  f i e l d   to   w h i c h   t h e   f l i p - f l o p   u n d e r   c o n s i d e r a t i o n  

b e l o n g s ,   w h i l e   t h e   BIT  f i e l d s   a r e   a s s i g n e d   w i t h   b i t  

a d d r e s s e s   e a c h   of   t h r e e   b i t s   i n   a  s e q u e n t i a l   m a n n e r .   By 

way  of   e x a m p l e ,   a s s u m i n g   t h a t   t h e   l o g i c a l   s c a n   a d d r e s s e s  

of  t h e   f l i p - f l o p s   4 0 1 - 0   to   4 0 1 - 3   and  5 0 1 - 0   to  5 0 1 - 3   a r e  

same  so  f a r   as  t h e   PK,  LSI  and   BYTE  f i e l d s   a r e   c o n c e r n e d ,  

t h e   r e l a t i o n s h i p s   b e t w e e n   t h e   l o g i c a l   s c a n   a d d r e s s e s   a n d  

t h e   p h y s i c a l   s c a n   a d d r e s s e s   of   t h e s e   f l i p - f l o p s   a r e  



I t   g o e s   w i t h o u t   s a y i n g   t h a t   when  t h e   f l i p - f l o p s  

b e l o n g   to  d i f f e r e n t   p a c k a g e s   a n d / o r   d i f f e r e n t   L S I ,   t h e y  

a r e   a s s i g n e d   w i t h   c o r r e s p o n d i n g l y   d i f f e r e n t   a d d r e s s e s .  

T u r n i n g   b a c k   to  F i g .   2,  t h e   a d d r e s s   r e g i s t e r  

g r o u p   25  i n c l u d e s   e i g h t   r e g i s t e r s   2 5 - 0 ,   2 5 - 1 ,   2 5 - 2 ,   . . . ,  

and  2 5 - 7   f o r   s t o r i n g   t h e r e i n   e i g h t   p h y s i c a l   s c a n   a d d r e s s e s ,  

r e s p e c t i v e l y ,   w h i c h   a r e   p r e p a r e d   by  t h e   a d d r e s s   t r a n s l a t i o n  

t a b l e   22.  A  l a t c h   g r o u p   27  i n c l u d e s   e i g h t   l a t c h e s   2 7 - 0 ,  

2 7 - 1 ,   . . . ,   and  2 7 - 7   e a c h   of   one  b i t .   The  l a t c h e s   a r e  

p r o v i d e d   in   o n e - t o - o n e   c o r r e s p o n d e n c e   w i t h   t h e   i n d i v i d u a l  

a d d r e s s   r e g i s t e r s   2 5 - 0 ,  2 5 - 1 ,   . . . ,   and  2 5 - 7 ,   r e s p e c t i v e l y .  

T h e s e   l a t c h e s   2 7 - 0 ,   . . . ,   2 7 - 7   s e r v e   to  s t o r e   one  b y t e   o f  

d a t a   s u p p l i e d   f r o m   t h e   d a t a   r e g i s t e r   12  and  d i v i d e d   o n  



t h e   b i t   b a s i s .   The  s e l e c t   c o n t r o l l e r   21  c o n t r o l s  

s e l e c t o r s   26  and   28  f o r   s e q u e n t i a l l y   s e l e c t   one  s e t   o f  

a d d r e s s   and  d a t a   f r o m   t h e   a d d r e s s   r e g i s t e r   g r o u p   25  a n d  

t h e   l a t c h   g r o u p   27  to  be  s u p p l i e d   to   t h e   s c a n   c o n t r o l l e r  

3 0 .  

F i g .   4  shows   in   d e t a i l   a  c i r c u i t   c o n f i g u r a t i o n  

of  t h e   s c a n   c o n t r o l l e r   30.  The  p h y s i c a l   s c a n   a d d r e s s  

s u p p l i e d   f r o m   t h e   a d d r e s s   t r a n s l a t o r   20  i s   p l a c e d   in   a  

r e g i s t e r   32,  w h i l e   t h e   s c a n - i n   d a t a   of   one  b i t   i s   s u p p l i e d  

to  a  s e l e c t o r   33.  A  s c a n   s e q u e n c e   c o n t r o l l e r   31  r e s p o n d s  

to  t h e   s c a n   t r i g g e r   s i g n a l   (13)   and  t h e   s c a n   m o d e  

s i g n a l   (14)   p r o d u c e d   by  t h e   d i a g n o s i s   c o n t r o l l e r   1 0 .  

The  s c a n   c o n t r o l l e r   30  c o n t r o l s   t h e   s c a n - i n / s c a n - o u t  

o p e r a t i o n   p e r f o r m e d   on  t h e   d a t a   s t o r a g e   e l e m e n t s   i n c o r p o -  

r a t e d   in   t h e   p a c k a g e   u n d e r   t h e   c o n t r o l   of  t h e   s c a n  

s e q u e n c e   c o n t r o l l e r   31.  The  f i v e   b i t s   c o n t a i n e d   in   t h e  

PK  s e c t i o n   of  t h e   p h y s i c a l   s c a n   a d d r e s s   p l a c e d   i n   t h e  

r e g i s t e r   32  a r e   d e c o d e d   by  a  d e c o d e r   34  h a v i n g   a  n u m b e r  

of   o u t p u t s   e a c h   a s s i g n e d   to   one  p a c k a g e   and   s u p p l i e s   a n  

e n a b l e   s i g n a l   to   t h e   p a c k a g e   d e s i g n a t e d   by  t h e   a d d r e s s  

b i t s   c o n t a i n e d   in   t h e   PK  f i e l d   or   s e c t i o n .   Fo r   e x a m p l e ,  

i t   i s   i l l u s t r a t e d   t h a t   an  o u t p u t   l i n e   341  of  t h e   d e c o d e r  

34  f e e d s   t h e   e n a b l e   s i g n a l   to  t h e   p a c k a g e   40,   w h i l e   a n  

o u t p u t   l i n e   342  f e e d s   t h e   e n a b l e   s i g n a l   to   t h e   p a c k a g e   5 0 .  

The  a d d r e s s   d a t a   e x c l u s i v e   of   t h e   PK  a d d r e s s   d a t a   a r e  

s u p p l i e d   in   common  to  e v e r y   p a c k a g e .   The  s e l e c t o r   o r  

g a t e   33  i s   c o n t r o l l e d   by  a  l a t c h   33a  w h i c h   l a t c h e s   t h e  

s c a n   mode  s i g n a l   14  a t   t h e   t i m e   when  t h e   s c a n   t r i g g e r  



s i g n a l   13  makes   a p p e a r a n c e .   Upon  s c a n - i n   ( w r i t i n g )  

o p e r a t i o n ,   t h e   s c a n   mode  s i g n a l '  1 4   i s   s e t   to  l o g i c   " 1 " ,  

w h e r e b y   t h e   s c a n - i n   d a t a   ( i . e .   d a t a   to  be  w r i t t e n )   i s  

g a t e d   to   an  i n p u t   c i r c u i t   36.  Upon  s c a n - o u t   ( r e a d i n g )  

o p e r a t i o n ,   t h e   s c a n   mode  s i g n a l   i s   s e t   to   l o g i c   " 0 " ,  

r e s u l t i n g   i n   t h a t   t h e   d a t a   on  t h e   s c a n - o u t   l i n e   60  i s  

g a t e d   o n t o   t h e   l i n e   2 0 b .  

B e f o r e   e n t e r i n g   i n t o   t h e   d e t a i l s   of   t h e   s c a n  

c o n t r o l l e r ,   d e s c r i p t i o n   w i l l   be  made  on  t h e   c i r c u i t  

c o n f i g u r a t i o n   of   t h e   p a c k a g e s   40  and  50  i l l u s t r a t e d   i n  

F i g .   6.  R e f e r r i n g   to   t h e   f i g u r e ,   p a c k a g e s   40  and   t h e   5 0  

may  be  c o n s i d e r e d   to  be  of   a  s u b s t a n t i a l l y   i d e n t i c a l  

c o n f i g u r a t i o n   so  f a r   as  t h e   s c a n   o p e r a t i o n   i s   c o n c e r n e d .  

The  p a c k a g e   40  i n c l u d e s   a  n u m b e r   of   f l i p - f l o p s  

s e r v i n g   as  t h e   d a t a   s t o r a g e   e l e m e n t s   i m p l e m e n t e d   in   t h e  

f o r m   of   L S I .   T h r e e   f l i p - f l o p   g r o u p s   4 0 1 ,   402  and   4 0 3  

a r e   t y p i c a l l y   i l l u s t r a t e d ,   w h e r e i n   e a c h   g r o u p   i n c l u d e s  

e i g h t   f l i p - f l o p s .   By  way  of   e x a m p l e ,   t h e   g r o u p   4 0 1  

i n c l u d e s   e i g h t   f l i p - f l o p s   4 0 1 - 0 ,   . . . ,   4 0 1 - 7 .   A l t h o u g h  

t h e s e   f l i p - f l o p s   may  b e a r   no  l o g i c a l l y   s i g n i f i c a n t  

r e l a t i o n   to   one  a n o t h e r ,   t h e y   a r e   a l l o c a t e d   w i t h   one  a n d  

t h e   same  b y t e   a d d r e s s   c o n s t i t u t i n g   a  p a r t   of   t h e   p h y s i c a l  

s c a n   a d d r e s s   in   v i e w   of   t h e   p h y s i c a l   a r r a n g e m e n t   of   t h e s e  

f l i p - f l o p s .   In  F i g .   6,  i t   w i l l   be  u n d e r s t o o d   t h a t   t h e  

i n p u t s   and   t h e   o u t p u t s   of   t h e   f l i p - f l o p s   a r e   shown   o n l y  

f o r   t h e   s c a n - i n / s c a n - o u t   o p e r a t i o n s   and  t h e   w i r i n g s   f o r  

e f f e c t u a t i n g   o r d i n a r y   l o g i c   o p e r a t i o n s   a r e   o m i t t e d   f r o m  

i l l u s t r a t i o n .   The  s c a n - i n   o p e r a t i o n   i s   c a r r i e d   o u t  



t h r o u g h   AND  g a t e s   404  in   r e s p o n s e   to  t h e   s c a n - i n   s i g n a l  

of  l o g i c   " I " .   An  AND  g a t e   to   i n p u t   t h e   s c a n - i n   d a t a   o f  

l o g i c   "0"  i s   r e q u i r e d   to   be  p r o v i d e d   on  t h e   r e s e t   s i d e  

of   e a c h   f l i p - f l o p .   H o w e v e r ,   t h i s   r e s e t t i n g   AND  g a t e   c a n  

be  s p a r e d   by  a d o p t i n g   a  common  r e s e t   o p e r a t i o n   a c c o r d i n g  

to   t h e   t e a c h i n g   of   t h e   i n v e n t i o n ,   as  w i l l   be  e l u c i d a t e d  

h e r e i n a f t e r .   The  s c a n - o u t   o p e r a t i o n   i s   e f f e c t e d   t h r o u g h  

AND  g a t e s   405 .   I t   w i l l   be  n o t e d   t h a t   t h e   o u t p u t s   of  a l l  

t h e   f l i p - f l o p s   a r e   c o n n e c t e d   to  a  common  s c a n - o u t   l i n e  

60  so  as  to   be  t r a n s f e r r e d   to   t h e   s c a n   c o n t r o l l e r   3 0 .  

The  p a c k a g e   40  i n c l u d e s   a  p a i r   of   d e c o d e r s   41  and   42  b o t h  

of   w h i c h   a r e   a d a p t e d   to   be  a c t i v a t e d   t h r o u g h   an  e n a b l e  

s i g n a l   l i n e   341  l e a d i n g   to   t h e   d e c o d e r   34  of   t h e   s c a n  

c o n t r o l l e r   30.  The  d e c o d e r   41  h a s   one  i n p u t   ( 3 2 1 )   f o r  

t h e   d a t a   of   LSI  s e c t i o n   or  f i e l d   and   t h e   BYTE  f i e l d   o f  

t h e   p h y s i c a l   s c a n   a d d r e s s   and  t h e   o t h e r   i n p u t   ( 3 2 2 )   f o r  

t h e   BIT  f i e l d   l e a d i n g   to   t h e   c o u n t e r   35  ( F i g .   4 ) .   On  t h e  

o t h e r   h a n d ,   t h e   d e c o d e r   42  has   one  i n p u t   ( 3 2 1 )   f o r   t h e  

a d d r e s s   d a t a   of   t h e   LSI  and   BYTE  of  t h e   p h y s i c a l   s c a n  

a d d r e s s .   The  d e c o d e r   41  i s   a c t i v a t e d   by  t h e   e n a b l e  

s i g n a l   a p p l i e d   o v e r   t h e   l i n e   341  and   a p p l i e s   to   t h e   AND 

g a t e s   404  and   405  a  s e l e c t   s i g n a l   r e s u l t e d   f r o m   t h e  

d e c o d i n g   o p e r a t i o n .   The  i n p u t   AND  g a t e   404  r e s p o n d s   t o  

t h e   s c a n - i n   p u l s e   (on  a  l i n e   308b)   and   t h e   s c a n - i n   d a t a  

(on  a  l i n e   39a)   a p p l i e d   s i m u l t a n e o u s l y   w i t h   t h e   s e l e c t  

s i g n a l   m e n t i o n e d   a b o v e   to   t h e r e b y   s e t   t h e   a s s o c i a t e d   f l i p -  

f l o p .   On  t h e   o t h e r   h a n d ,   t h e   o u t p u t   AND  g a t e   405  g a t e s  

t h e   d a t a   of   t h e   a s s o c i a t e d   f l i p - f l o p   to  t h e   o u t p u t   i n  



r e s p o n s e   to  t h e   s e l e c t   s i g n a l   a p p l i e d   f r o m   t h e   d e c o d e r  

41.  The  l a t t e r   s e r v e s   f o r   d e c o d i n g   d a t a   of  t h e   LSI  a n d  

BYTE  f i e l d s   of  t h e   p h y s i c a l   s c a n   a d d r e s s   and   s u p p l y i n g  

t h e   s e l e c t   s i g n a l   to   one  of  t h e   AND  g a t e   421  to   4 2 3  

p r o v i d e d   in   a s s o c i a t i o n   w i t h   t h e   f l i p - f l o p   g r o u p s   401  t o  

403 ,   r e s p e c t i v e l y ,   f o r   a l l o w i n g   a  common  r e s e t   s i g n a l   o n  

a  l i n e   307b  to   be  a p p l i e d   to   one  of   t h e   f l i p - f l o p   g r o u p s  

401  to   4 0 3 .  

The  p a c k a g e   50  i s   b a s i c a l l y   of   a  same  c o n f i g u -  

r a t i o n   as  t h a t   of   t h e   p a c k a g e   40.  The  p a r t s   of   t h e   p a c k a g e  

50  c o r r e s p o n d i n g   or   e q u i v a l e n t   to  t h o s e   of   t h e   p a c k a g e   4 0  

a r e   d e n o t e d   by  l i k e   r e f e r e n c e   n u m e r a l s   p l u s   100 .   T h e  

d e c o d e r s   51  and   52  s e r v e s   f o r   t h e   same  f u n c t i o n s   as  t h e  

d e c o d e r s   41  and   42.  A c c o r d i n g l y ,   f u r t h e r   d e s c r i p t i o n   o f  

t h e   p a c k a g e   50  w i l l   be  u n n e c e s s a r y .  

R e f e r r i n g   a g a i n   to   F i g .   4,  t h e   s c a n   c o n t r o l l e r  

30  i n c l u d e s   a  r e g i s t e r   38  o f   one  b y t e   ( i . e .   8  b i t s )   h a v i n g  

t h e   i n p u t s   c o n n e c t e d   to   b i t   s e l e c t   i n p u t   c i r c u i t s   36  a n d  

37  and  t h e   o u t p u t s   c o n n e c t e d   to   a  s e l e c t o r   39.  The  b i t  

s e l e c t   i n p u t   c i r c u i t   37  i n c l u d e s   a  d e c o d e r   371  and  e i g h t  

AND  g a t e s   3 7 2 - 0 ,   3 7 2 - 1 ,   . . . ,   a n d  3 7 2 - 7   c o r r e s p o n d i n g   t o  

i n d i v i d u a l   b i t s ,   r e s p e c t i v e l y .   The  AND  g a t e   c o r r e s p o n d i n g  

to  t h e   b i t   p o s i t i o n   i n d i c a t e d   by  t h e   c o u n t e r   35  i s   e n a b l e d  

u n d e r   t h e   c o n t r o l   of   t h e   s c a n   s e q u e n c e   c o n t r o l l e r   3 1 ,  

w h e r e b y   t h e   d a t a   r e a d   o u t   on  t h e   l i n e   60  f r o m   t h e   p a c k a g e  

40  or  50  i s   l o a d e d   in   t h e   r e g i s t e r   38.  S i m i l a r l y ,   t h e   b i t  

s e l e c t   i n p u t   c i r c u i t   36  i n c l u d e s   a  d e c o d e r   361  and   e i g h t  

AND  g a t e s   3 6 2 - 0 ,   3 6 2 - 1 ,   . . . ,   and  3 6 2 - 7   c o r r e s p o n d i n g ,  



r e s p e c t i v e l y ,   to   e i g h t   b i t s   c o n s t i t u t i n g   one  b y t e .   T h e  

AND  g a t e   c o r r e s p o n d i n g   to   t h e   b i t   p o s i t i o n   d e s i g n a t e d  

by  t h e   BIT  of   t h e   p h y s i c a l   s c a n   a d d r e s s   p l a c e d   in   t h e  

r e g i s t e r   32  i s   e n a b l e d   u n d e r   t h e   c o n t r o l   of  t h e   s c a n  

s e q u e n c e   c o n t r o l l e r   31,   w h e r e b y   t h e   s c a n - i n   d a t a   of   o n e  

b i t   s u p p l i e d   f r o m   t h e   a d d r e s s   t r a n s l a t o r   20  i s   l o a d e d   i n  

t h e   r e g i s t e r   38.  The  s e l e c t o r   39  i n c l u d e s   a  d e c o d e r   3 9 1  

and   e i g h t   AND  g a t e s   3 9 2 - 0   to   3 9 2 - 7   c o r r e s p o n d i n g ,  

r e s p e c t i v e l y ,   to   t h e   i n d i v i d u a l   b i t s   c o n s t i t u t i n g   o n e  

b y t e .   The  AND  g a t e   c o r r e s p o n d i n g   to   t h e   b i t   p o s i t i o n  

i n d i c a t e d   by  t h e   c o u n t e r   35  i s   e n a b l e d   u n d e r   t h e   c o n t r o l  

of   t h e   s c a n   s e q u e n c e   c o n t r o l l e r   31,   w h e r e b y   t h e   d a t a  

p l a c e d   i n   t h e   r e g i s t e r   38  can   be  t r a n s f e r r e d   to  t h e   p a c k a g e  

40  or   50  as  t h e   d a t a   to   be  w r i t t e n   o v e r   t h e   l i n e   3 9 a .  

F i g .   5  shows   i n   d e t a i l   a  c i r c u i t   c o n f i g u r a t i o n  

of   t h e   s c a n   s e q u e n c e   c o n t r o l l e r   31.  The  s c a n   t r i g g e r  

s i g n a l   l i n e   13  and   t h e   s c a n   mode  s i g n a l   l i n e   14  a r e  

c o n n e c t e d   to  t h e   i n p u t s   of   AND  g a t e s   300  and   302 .   U p o n  

s c a n - o u t   o p e r a t i o n ,   t h e   s c a n   mode  s i g n a l   on  t h e   l i n e   14  i s  

l o g i c   " 0 " ,   r e s u l t i n g   i n   t h a t   an  AND  g a t e   300  i s   e n a b l e d  

to  t h e r e b y   s e t   a  f l i p - f l o p   301 .   The  s e t   o u t p u t   l i n e   3 0 1 a  

of  t h e   f l i p - f l o p   301  i s   c o n n e c t e d   to  t h e   AND  g a t e   32B 

( F i g .   4 ) .   As  t h e   c o n s e q u e n c e ,   t h e   BIT  d a t a   of   t h e   p h y s i c a l  

s c a n   a d d r e s s   p l a c e d   in   t h e   r e g i s t e r   32  i s   s u p p l i e d   to   t h e  

p a c k a g e   40  or  50  t h r o u g h   t h e   l i n e   322 .   T h u s ,   a l l   t h e   b i t s  

of   t h e   p h y s i c a l   s c a n   a d d r e s s   h a v e   b e e n   s u p p l i e d   to   t h e  

p a c k a g e   40  or   50.  I n  t h e   p a c k a g e   40  or  50  d e s i g n a t e d   b y  

t h e   PK  d a t a   of   t h e   p h y s i c a l   s c a n   a d d r e s s ,   d a t a   of   one  b i t  



r e a d   ou t   ( s c a n n e d   o u t )   f r o m   t h e   d a t a   s t o r a g e   e l e m e n t  

( f l i p - f l o p )   d e s i g n a t e d   by  t h e   d a t a   L S I ,   BYTE  and  BIT  o f  

t h e   p h y s i c a l   s c a n   a d d r e s s   i s   s u p p l i e d   to  t h e   l a t c h   ( F i g .   2 )  

by  way  of   t h e   l i n e   60 ,   t h e   g a t e   33  and  t h e   l i n e   2 0 b .  

T h i s   o p e r a t i o n   i s   s e q u e n t i a l l y   p e r f o r m e d   f o r   a l l   e i g h t  

b i t s ,   w h e r e b y   t h e   d a t a   of   one  b y t e   i n d i c a t e d   by  t h e  

l o g i c a l   s c a n   a d d r e s s   a r e   r e a d   ou t   ( o r   s c a n n e d   o u t ) .  

In  t h e   s c a n - i n   ( w r i t e )   m o d e ,   t h e   s c a n   m o d e  

s i g n a l   on  t h e   l i n e   14  i s   l o g i c   " 1 " .   C o n s e q u e n t l y ,   t h e   AND 

g a t e   302  i s   e n a b l e d   to   s e t   t h e   f l i p - f l o p   304  t h r o u g h   a n  

OR  g a t e   303 .   The  s e t   s i g n a l   on  t h e   o u t p u t   l i n e   304a   o f  

t h e   f l i p - f l o p   304  i s   i n p u t t e d   to  t h e   c o u n t e r   35  and  t h e  

AND  g a t e s   3 7 2 - 0 ,  3 7 2 - 1 ,   . . . ,   and  3 7 2 - 7   of   t h e   b i t   s e l e c t  

i n p u t   c i r c u i t   37  ( F i g .   4 ) .   The  c o u n t e r   35  i s   of   t h r e e - b i t  

c a p a c i t y   and  r e s p o n d s   to  t h e   s i g n a l   on  t h e   l i n e   304a   t o  

c o u n t   up  f r o m   " 0 0 0 "   ( " 0 "   i n   d e c i m a l   n o t a t i o n )   to   " 1 1 1 "  

( " 7 "   i n   d e c i m a l   n o t a t i o n ) .   The  o u t p u t   of   t h e   c o u n t e r   35  

i s   s e n t   to   t h e   p a c k a g e   i n s t e a d   of   t h e   BIT  d a t a   and  a t   t h e  

same  t i m e   to   t h e   d e c o d e r   371  of   t h e   b i t   s e l e c t   i n p u t  

c i r c u i t   37.  In  r e s p o n s e   to   t h e   c o u n t - u p   of   t h e   BIT  f i e l d  

i n d i c a t e d   by  t h e   c o u n t e r   35,  t h e   d a t a   u n i t   of   one  b y t e  

d e s i g n a t e d   by  t h e   PK,  LSI  and  BYTE  d a t a   p l a c e d   in   t h e  

r e g i s t e r   32  i s   once   r e a d   ou t   ( s c a n n e d   o u t ) .   By  way  o f  

e x a m p l e ,   i t   i s   a s s u m e d   t h a t   t h e   s c a n - i n   o p e r a t i o n   i s   to  b e  

p e r f o r m e d   to  t h e   f l i p - f l o p   4 0 1 - 0   of   t h e   f l i p - f l o p   g r o u p  

401  b e l o n g i n g   to  t h e   p a c k a g e   40  shown  in   F i g .   6  u n d e r  

d e s i g n a t i o n   by  t h e   d a t a   of   t h e   PK,  L S I ,   BYTE  and  BIT  f i e l d s  

s t o r e d   in   t h e   r e g i s t e r   32.  S i n c e   t h e   d a t a   of   t h e   B I T  



f i e l d   can   be  r e p l a c e d   by  t h e   c o u n t   o u t p u t   of  t h e   c o u n t e r  

35,   t h e   c o n t e n t s   or  s t a t e s   of  t h e   e i g h t   f l i p - f l o p s   4 0 1 - 0 ,  

. . . ,   4 0 1 - 7   b e l o n g i n g   to   t h e   f l i p - f l o p   g r o u p   401  a r e  

s e q u e n t i a l l y   s c a n n e d   o u t   f r o m   t h e   o u t p u t   of  t h e   d e c o d e r  

41  as  t h e   one  b y t e   of  d a t a .   The  d a t a   s c a n n e d   o u t   a r e  

p l a c e d   in   t h e   r e g i s t e r   38  b e c a u s e   t h e   AND  g a t e s   3 7 2 - 0 ,  

3 7 2 - 1 ,   . . . ,   3 7 2 - 7   of  t h e   b i t   s e l e c t   i n p u t   c i r c u i t   37  s h o w n  

in   F i g .   4  a r e   e n a b l e d   by  t h e   o u t p u t   of   t h e   d e c o d e r   371  i n  

d e p e n d e n c e   on  t h e   c o u n t   v a l u e   i n d i c a t e d   by  t h e   c o u n t e r   3 5 .  

In  t h i s   m a n n e r ,   t h e   c o n t e n t s   or  s t a t e s   of  t h e   e i g h t   f l i p -  

f l o p s   c o n s t i t u t i n g   one  b y t e   of  d a t a   i n c l u s i v e   of   t h e   o n e  

f l i p - f l o p   i n d i c a t e d   by  t h e   p h y s i c a l   s c a n   a d d r e s s   p l a c e d  

in  t h e   r e g i s t e r   32  a r e   r e a d   o u t .   The  o u t p u t   of   t h e   c o u n t e r  

35  i s   c o n n e c t e d   to  one  i n p u t   of   an  a l l   "1"  d e t e c t i n g  

c i r c u i t   305  ( F i g .   5)  of   t h e   s c a n   s e q u e n c e   c o n t r o l l e r   3 1  

by  way  of   a  l i n e   35a .   When  t h e   c o u n t e r   35  c o u n t s   up  t o  

" 1 1 1 " ,   t h e   a l l " 1 "   d e t e c t i n g   c i r c u i t   305  p r o d u c e s   t h e  

o u t p u t   s i g n a l   to   r e s e t   t h e   f l i p - f l o p   304 ,   to   t h e r e b y   s t o p  

t h e   u p - c o u n t i n g   o p e r a t i o n   o f   t h e   c o u n t e r   35.  S i m u l -  

t a n e o u s l y ,   t h e   AND  g a t e   304  i s   e n a b l e d   to   s e t   t h e  

f l i p - f l o p   3 0 7 .  

The  f l i p - f l o p   307  has   a  s e t   o u t p u t   l i n e   3 0 7 a  

c o n n e c t e d   to   t h e   i n p u t s   of   AND  g a t e s   3 6 2 - 0 ,   3 6 2 - 1 ,   . . . ,  

3 6 2 - 7   of   t h e   b i t   s e l e c t   i n p u t   c i r c u i t   36  ( F i g .   4 ) .   T h e  

l a t t e r   i n c l u d e s   a  d e c o d e r   361  in   w h i c h   t h e   d a t a   of  t h e   B I T  

f i e l d   of   t h e   r e g i s t e r   32  i s   p l a c e d .   The  AND  g a t e  

c o r r e s p o n d i n g   to  t h e   b i t   p o s i t i o n   i n d i c a t e d   by  t h e   d a t a  

BIT  c o n t a i n e d   in   t h e   r e g i s t e r   32  i s   e n a b l e d .   In  t h e   c a s e  



of  t h e   e x a m p l e   m e n t i o n e d   a b o v e ,   s i n c e   d a t a   of   t h e   B I T  

f i e l d   i s   " 0 0 0 " ,   t h e   AND  g a t e   3 6 2 - 0   i s   e n a b l e d ,   r e s u l t i n g  

in   t h a t   t h e   s c a n   d a t a   of  one  b i t   s u p p l i e d   f r o m   t h e   a d d r e s s  

t r a n s l a t o r   20  i s   p l a c e d   in   t h e   r e g i s t e r   38  a t   t h e   z e r o - t h  

b i t   p o s i t i o n .   As  t h e   c o n s e q u e n c e ,   one  b i t   ( d e s i g n a t e d   b y  

t h e   r e g i s t e r   32)  of   t h e   one  b y t e   of   d a t a   p r e v i o u s l y   r e a d  

ou t   f r o m   t h e   f l i p - f l o p   g r o u p   401  i s   r e p l a c e d   by  t h e   s c a n - i n  

d a t a .  

The  s e t   o u t p u t   ( l i n e   307b)   of   t h e   f l i p - f l o p   3 0 7  

i s   a l s o   f e d   to  e a c h   p a c k a g e .   In  t h e   c a s e   of   t h e   p a c k a g e  

40,   t h i s   s e t   o u t p u t   of  t h e   f l i p - f l o p   307  i s   s u p p l i e d   t o  

t h e   c o r r e s p o n d i n g   AND  g a t e s   421 ,   422  and  423 ,   one  of  w h i c h  

i s   s e l e c t e d   by  t h e   d e c o d e r   42  a d a p t e d   to   d e c o d e   t h e   L S I  

d a t a   and  t h e   BYTE  d a t a .   In  t h e   c a s e   of  t h e   a f o r e m e n t i o n e d  

e x a m p l e ,   t h e   AND  g a t e   421  a s s o c i a t e d   w i t h   t h e   f l i p - f l o p  

g r o u p   401  i s   s e l e c t e d .   A c c o r d i n g l y ,   t h e   o u t p u t   of   t h e   AND 

g a t e   421  i s   a p p l i e d   in   common  to  t h e   r e s e t   i n p u t s   of  t h e  

e i g h t   f l i p - f l o p s   4 0 1 - 0 ,  4 0 1 - 2 ,   . . . ,   4 0 1 - 7   b e l o n g i n g   t o  

t h e   f l i p - f l o p   g r o u p   401.   As  t h e   c o n s e q u e n c e ,   a l l   t h e  

f l i p - f l o p s   of   t h i s   g r o u p   w h i c h   c o n t a i n   t h e   u n i t   d a t a   o f  

one  b y t e   a r e   a l l   r e s e t   s i m u l t a n e o u s l y .  

T u r n i n g   b a c k   to   F i g .   5,  t h e   f l i p - f l o p   308  i s   s e t  

in   s u c c e s s i o n   to   t h e   s e t / r e s e t   o p e r a t i o n s   of   t h e   f l i p - f l o p  

307.   The  s e t   o u t p u t   of   f l i p - f l o p   308  a p p e a r i n g   on  t h e  

l i n e   308a   i s   s u p p l i e d   to  t h e   c o u n t e r   35  and  t h e   AND  g a t e s  

3 9 2 - 0 ,   3 9 2 - 1 ,   . . . ,   3 9 2 - 7   of  t h e   s e l e c t o r   39  ( F i g .   4 ) .   T h e  

c o u n t e r   35  r e s p o n d s   to  t h e   s i g n a l   on  t h e   l i n e   308a   t o  

c o u n t   up  s e q u e n t i a l l y   f r o m   " 0 0 0 "   to  " 1 1 1 " .   S i n c e   t h e  



o u t p u t   of  t h e   c o u n t e r   35  i s   s u p p l i e d   to  t h e   d e c o d e r   3 9 1  

of   t h e   s e l e c t o r   39,   t h e   AND  g a t e s   3 9 2 - 1 ,   3 9 2 - 2 ,   . . . ,  

3 9 2 - 7   a r e   s e q u e n t i a l l y   e n a b l e d   as  t h e   c o u n t e r   35  c o u n t s  

up ,   r e s u l t i n g   in   t h a t   t h e   z e r o t h   to   t h e   s e v e n t h   b i t s   o f  

t h e   r e g i s t e r   38  a r e   s e q u e n t i a l l y   o u t p u t t e d   o n t o   t h e   3 9 a  

to   be  s u p p l i e d   to   t h e   p a c k a g e .   S i m u l t a n e o u s l y ,   t h e   s c a n - i n  

p u l s e   i s   p r o d u c e d   on  t h e   o u t p u t   l i n e   308b  of   t h e   f l i p - f l o p  

308.   The  l i n e   308b  i s   c o n n e c t e d   to  t h e   AND  g a t e s   4 0 4  

i n s e r t e d   on  t h e   i n p u t   s i d e   of   a l l   t h e   f l i p - f l o p s   of  a l l  

t h e   p a c k a g e s ,   a l l o w i n g   t h u s   t h e   s c a n - i n   o p e r a t i o n .   I n  

d e p e n d e n c e   on  t h e   PK,  LSI  and  t h e   BYTE  d a t a   f i e l d s   of  t h e  

p h y s i c a l   s c a n   a d d r e s s   c o n t a i n e d   in   t h e   r e g i s t e r   32  and  t h e  

BIT  f i e l d   c o u n t e d   up  f r o m   " 0 0 0 "   to   " 1 1 1 "   in   t h e   c o u n t e r   3 5 ,  

t h e   d e c o d e r   41  w r i t e s   t h e   d a t a   o f   one  b y t e   a p p e a r i n g  

s e q u e n t i a l l y   or  s e r i a l l y   on  t h e   l i n e   39a  i n   t h e   f l i p - f l o p s  

4 0 1 - 0 ,   4 0 1 - 1 ,   . . . ,   4 0 1 - 7   b e l o n g i n g   to   t h e   f l i p - f l o p   g r o u p  

401 .   As  t h e   c o n s e q u e n c e ,   t h e   s c a n - i n   d a t a   i s   s e t   a t   t h e  

f l i p - f l o p   4 0 1 - 0   d e s i g n a t e d   by  t h e   r e g i s t e r   32.  The  s e v e n  

f l i p - f l o p s   4 0 1 - 1 ,   4 0 1 - 2 ,   . . . ,   4 0 1 - 7   a r e   r e s t o r e d   to  t h e  

r e s p e c t i v e   o r i g i n a l   d a t a   s t a t e s .   S i n c e   a l l   t h e   f l i p - f l o p s  

b e l o n g i n g   to   t h e   g r o u p   401  h a v e   b e e n   p r e v i o u s l y   r e s e t ,  

i t   i s   s u f f i c i e n t   to   e n a b l e   o n l y   t h e   AND  g a t e   404  f o r   t h e  

f l i p - f l o p   to   be  s e t   to   " I " .   When  a l l   "1"  d e t e c t i n g   c i r c u i t  

305  d e t e c t s   t h a t   t h e   c o u n t e r   35  has   a t t a i n e d   t h e   s t a t e  

" 1 1 1 " ,   t h e   AND  g a t e   309  i s   e n a b l e d ,   w h e r e b y   t h e   3 - b i t  

c o u n t e r   310  i s   i n c r e m e n t e d   by  one  ( i n   t h i s   c a s e ,   t h e  

c o u n t e r   310  i s   r e s e t   to  t h e   s t a t e   " 0 0 0 " ) ,   w h i l e   t h e   f l i p -  

f l o p   308  i s   s i m u l t a n e o u s l y   r e s e t .   The  a l l   "1"  d e t e c t i n g  



c i r c u i t   311  i s   c o n n e c t e d   to  t h e   c o u n t e r   310.   U n l e s s   t h e  

c o u n t e r   310  i s   in   t h e   s t a t e   of   a l l   "1"  ( i . e .   "7"  i n  

d e c i m a l   n o t a t i o n ) ,   t h e   c i r c u i t   311  e n a b l e s   t h e   AND  g a t e  

312  to  t h e r e b y   s e t   a g a i n   t h e   f l i p - f l o p   304 .   T h u s ,   t h e  

s e q u e n c e   m e n t i o n e d   a b o v e   i s   r e p e a t e d   w i t h   t h e   b i t   b e i n g  

c h a n g e d .   At  t h i s   t i m e ,   t h e   n e x t   p h y s i c a l   s c a n   a d d r e s s   i s  

p l a c e d   in   t h e   r e g i s t e r   32  f r o m   t h e   a d d r e s s   t r a n s l a t o r   2 0 ,  

w h i l e   t h e   s c a n - i n   d a t a   of   one  b i t   i s   s u p p l i e d .  

When  t h e   s e q u e n c e   d e s c r i b e d   a b o v e   has   b e e n  

r e p e a t e d   e i g h t   t i m e s ,   t h e   c o n t e n t s   of   t h e   c o u n t e r   3 1 0  

b e c o m e s   " 1 1 1 " .   A c c o r d i n g l y ,   t h e   AND  g a t e   312  i s   no  m o r e  

e n a b l e d .   In   t h i s   s t a t e ,   t h e   s c a n - i n   o p e r a t i o n   to  t h e  

f l i p - f l o p s   c o r r e s p o n d i n g   to   one  b y t e   d e s i g n a t e d   by  t h e  

l o g i c a l   s c a n   a d d r e s s   has   b e e n   a c c o m p l i s h e d   by  d e v e l o p i n g  

t h e   e i g h t   p h y s i c a l   s c a n   a d d r e s s e s .  

As  w i l l   be  a p p r e c i a t e d   f r o m   t h e   f o r e g o i n g  

d e s c r i p t i o n ,   f o r   e f f e c t i n g   t h e   s c a n - i n   ( w r i t i n g )   o p e r a t i o n ,  

t h e   u n i t   d a t a   of  one  b y t e   i n c l u d i n g   t h o s e   f l i p - f l o p s  

w h i c h   a r e   to  u n d e r g o   t h e   s c a n - i n   o p e r a t i o n   and  w h i c h   a r e  

d e s i g n a t e d   by  t h e   p h y s i c a l   s c a n   a d d r e s s   a r e   o n c e   s c a n n e d  

ou t   ( r e a d   o u t )   and  m e r g e d   w i t h   t h e   s c a n - i n   d a t a   of  one  b i t .  

A f t e r   t h e   f l i p -   f l o p s   c o r r e s p o n d i n g   to   t h e   u n i t   d a t a  

h a v e   b e e n   s i m u l t a n e o u s l y   r e s e t   at   one  t i m e ,   d a t a   c o r r e -  

s p o n d i n g   to  t h e   u n i t   d a t a   a r e   s c a n n e d - i n   or  w r i t t e n   ( w i t h  

t h e   r e s u l t   t h a t   o n l y   one  b i t   i s   c h a n g e d ) .   T h u s ,   t h e  

s c a n - i n   o p e r a t i o n   can   be  r e a l i z e d   by  u s i n g   two  g a t e s   (AND 

g a t e s   404  and  405)   f o r   e a c h   of  t h e   f l i p - f l o p s .   A l t h o u g h  

t h e   s c a n   c o n t r o l l e r   30  i s   more   or  l e s s   c o m p l i c a t e d ,   i t   i s  



p o s s i b l e   to   s p a r e   a  g r e a t   n u m b e r   of   l o g i c   g a t e s   w h i c h  

a m o u n t s   to   s e v e r a l   t e n s   of   t h o u s a n d s   in   t h e   d a t a  

p r o c e s s i n g   a p p a r a t u s   as  a  w h o l e .   T h u s ,   t h e   n u m b e r   o f  

l o g i c   g a t e s   f o r   s c a n n i n g   t h e   d a t a   s t o r a g e   e l e m e n t s   i n  

c o n c e r n   can   be  r e m a r k a b l y   r e d u c e d   a c c o r d i n g   to   t h e  

i n v e n t i o n .  



1.  A  s c a n - i n   c o n t r o l   a p p a r a t u s   f o r   s c a n n i n g - i n  

d a t a   to  d a t a   s t o r a g e   e l e m e n t s   c o n s t i t u t i n g ,   r e s p e c t i v e l y ,  

b i t s   of   a  d a t a   u n i t   i n c l u d i n g   a  p l u r a l i t y   of   b i t s ,   c o m -  

p r i s i n g :  

g e n e r a t i n g   means   ( 1 0 ,   20)  f o r   o u t p u t t i n g   a  t r i g g e r  

s i g n a l   f o r   i n i t i a t i n g   t h e   s c a n - i n   o p e r a t i o n   and  g e n e r a t i n g  

a  s c a n   a d d r e s s   and  s c a n - i n   d a t a ,   s a i d   s c a n   a d d r e s s   b e i n g  

c o m p o s e d   of   a  f i r s t   a d d r e s s   s e c t i o n   i n d i c a t i n g   t h e   d a t a  

u n i t   to  be  s c a n n e d - i n   and  a  s e c o n d   a d d r e s s   s e c t i o n  

d e s i g n a t i n g   a  b i t   i n   s a i d   d a t a   u n i t ;  

s c a n   c o n t r o l   m e a n s   (31)   c o n n e c t e d   to   s a i d   g e n e r a t i n g  

means   f o r   r e s p o n d i n g   to  s a i d   t r i g g e r   s i g n a l   to  t h e r e b y  

o u t p u t   a  c o n t r o l   s i g n a l   f o r   c o n t r o l l i n g   t h e   s c a n - i n  

s e q u e n c e ;  

r e g i s t e r   means   (38 )   f o r   h o l d i n g   d a t a ;  

s c a n - i n   m e a n s   ( 3 7 ,   39,   41,   404 ,   405)  c o n n e c t e d   t o  

s a i d   s c a n   c o n t r o l   means   f o r   r e s p o n d i n g   to   s a i d   c o n t r o l  

s i g n a l   to  t h e r e b y   c o n n e c t   s e l e c t i v e l y   a  p l u r a l i t y   of  t h e  

d a t a   s t o r a g e   e l e m e n t s   c o n s t i t u t i n g   t h e   d a t a   u n i t   d e s i g n a t e d  

by  s a i d   f i r s t   a d d r e s s   s e c t i o n   of   s a i d   s c a n   a d d r e s s   t o  

s a i d   r e g i s t e r   means   f o r   e f f e c t i n g   t h e   s c a n - o u t   of  d a t a  

to  s a i d   r e g i s t e r   means   f r o m   s a i d   p l u r a l i t y   of   t h e   d a t a  

s t o r a g e   e l e m e n t s   and  t h e   s c a n - i n   of   d a t a   to   s a i d   p l u r a l i t y  

of   t h e   d a t a   s t o r a g e   e l e m e n t s   f r o m   s a i d   r e g i s t e r   m e a n s ;  

r e s e t   means   ( 4 2 ,   421 ,   422 ,   423)   c o n n e c t e d   to  s a i d  

s c a n   c o n t r o l   means   f o r   r e s p o n d i n g   to  s a i d   c o n t r o l   s i g n a l  

to  r e s e t   t h e   p l u r a l i t y   of   d a t a   s t o r a g e   e l e m e n t s   f o r   t h e  



d a t a   u n i t   d e s i g n a t e d   by  s a i d   f i r s t   a d d r e s s   s e c t i o n   o f  

s a i d   s c a n   a d d r e s s ;   a n d  

s e t   means   (36)   c o n n e c t e d   to  s a i d   s c a n   c o n t r o l   m e a n s  

f o r   r e s p o n d i n g   to  s a i d   c o n t r o l   s i g n a l   to   s e t   s a i d   s c a n - i n  

d a t a   a t   t h e   b i t   p o s i t i o n   of   s a i d   r e g i s t e r   m e a n s   d e s i g n a t e d  

by  s a i d   s c a n   a d d r e s s .  

2.  A  s c a n - i n   c o n t r o l   a p p a r a t u s   a c c o r d i n g   to  c l a i m   1 ,  

w h e r e i n   e a c h   of   s a i d   d a t a   s t o r a g e   e l e m e n t   h a s   a  s e t   i n p u t  

t e r m i n a l   and   a  r e s e t   i n p u t   t e r m i n a l   as  t h e   i n p u t   t e r m i n a l s ,  

t h e   r e s e t   i n p u t   t e r m i n a l s   of  t h e   p l u r a l i t y   of   t h e   d a t a  

s t o r a g e   e l e m e n t s   b e l o n g i n g   to   a  same  d a t a   u n i t   b e i n g  

c o n n e c t e d   i n   common  to   s a i d   r e s e t   m e a n s .  

3.  A  s c a n - i n   c o n t r o l   a p p a r a t u s   a c c o r d i n g   to   c l a i m   2 ,  

w h e r e i n   s a i d   g e n e r a t i n g   means   i n c l u d e s :  

f i r s t   means   (10)   f o r   o u t p u t t i n g   t h e   t r i g g e r   s i g n a l  

f o r   i n i t i a t i n g   t h e   s c a n - i n   o p e r a t i o n   and   g e n e r a t i n g   a  

l o g i c a l   s c a n   a d d r e s s   f o r   d e s i g n a t i n g   a  l o g i c a l   d a t a   u n i t  

w h i c h   i s   to   u n d e r g o   s a i d   s c a n - i n   o p e r a t i o n   and   t h e   s c a n - i n  

d a t a   i n c l u d i n g   a  p l u r a l i t y   of  b i t s   to   be  s c a n n e d - i n   t o  

s a i d   l o g i c a l   d a t a   u n i t ;   a n d  

s e c o n d   means   ( 2 0 )   c o n n e c t e d   to   s a i d   f i r s t   m e a n s   f o r  

r e s p o n d i n g   to   s a i d   t r i g g e r   s i g n a l   to   t h e r e b y   t r a n s l a t e  

s a i d   l o g i c a l   s c a n   a d d r e s s   i n t o   a  p l u r a l i t y   of   p h y s i c a l  

s c a n   a d d r e s s e s   e a c h   c o m p r i s i n g   s a i d   f i r s t   a d d r e s s   s e c t i o n  

and  s a i d   s e c o n d   a d d r e s s   s e c t i o n ;  

s a i d   s c a n   m e a n s ,   s a i d   r e s e t   means   and  s a i d   s e t   m e a n s  

r e s p o n d i n g   to   e a c h   of   s a i d   p h y s i c a l   s c a n   a d d r e s s e s .  

4.  A  s c a n - i n   c o n t r o l   a p p a r a t u s   a c c o r d i n g   to  c l a i m  



3,  w h e r e i n   s a i d   s c a n   c o n t r o l   means   i n c l u d e s   c o u n t e r   m e a n s  

(35)   f o r   c o u n t i n g   a  n u m b e r   e q u a l   to  t h e   n u m b e r   of   b i t s  

c o n s t i t u t i n g   t h e   s i n g l e   d a t a   u n i t   e v e r y   t i m e   when  s a i d  

p h y s i c a l   s c a n   a d d r e s s   i s   s u p p l i e d ,  

s a i d   s c a n   c o n t r o l   means   c o n t r o l l i n g   s a i d   c o u n t e r  

means   f o r   c o n t r o l l i n g   t h e   s e q u e n c e   of   t h e   s c a n - i n   o p e r a t i o n  

to  t h e   p l u r a l i t y   of  i n f o r m a t i o n   u n i t s   i n d i c a t e d   by  t h e  

f i r s t   a d d r e s s   s e c t i o n s   of  s a i d   p l u r a l i t y   of   p h y s i c a l   s c a n  

a d d r e s s e s ;  

s a i d   s c a n   means   r e s p o n d i n g   to   t h e   v a l u e s   i n d i c a t e d  

by  e a c h   of   s a i d   f i r s t   a d d r e s s   s e c t i o n s   and  s a i d   c o u n t e r  

m e a n s ;  

s a i d   r e s e t   m e a n s   r e s p o n d i n g   to  e a c h   of   s a i d   f i r s t  

a d d r e s s   s e c t i o n s ;   a n d  

s a i d   s e t   means   r e s p o n d i n g   to  e a c h   of   s a i d   s e c o n d  

a d d r e s s   s e c t i o n s .  

5.  A  s c a n - i n   c o n t r o l   m e t h o d   f o r   s c a n n i n g - i n   d a t a  

to  d a t a   s t o r a g e   e l e m e n t s   e a c h   c o n s t i t u t i n g   b i t s   of  d a t a  

u n i t   i n c l u d i n g   a  p l u r a l i t y   of  b i t s ,   c o m p r i s i n g :  

a  f i r s t   s t e p   f o r   g e n e r a t i n g   a  s c a n   a d d r e s s   c o m p o s e d  

of  a  f i r s t   a d d r e s s   s e c t i o n   d e s i g n a t i n g   t h e   d a t a   u n i t   t o  

be  s c a n n e d - i n   and  a  s e c o n d   a d d r e s s   s e c t i o n   d e s i g n a t i n g  

a  b i t   in   s a i d   d a t a   u n i t ,   and   s c a n - i n   d a t a ;  

a  s e c o n d   s t e p   f o r   r e a d i n g   ou t   d a t a   f r o m   a  p l u r a l i t y  

of   d a t a   s t o r a g e   e l e m e n t s   i n c l u d e d   in   t h e   d a t a   u n i t  

d e s i g n a t e d   by  s a i d   f i r s t   a d d r e s s   s e c t i o n ;  

a  t h i r d   s t e p   f o r   r e p l a c i n g   d a t a   of   a  b i t   of  t h e  

d a t a   r e a d   ou t   at   s a i d   s e c o n d   s t e p   by  s a i d   s c a n - i n   d a t a ,  



s a i d   b i t   b e i n g   d e s i g n a t e d   by  s a i d   s e c o n d   a d d r e s s   s e c t i o n ;  

a  f o u r t h   s t e p   f o r   r e s e t t i n g   s i m u l t a n e o u s l y   t h e  

c o n t e n t s   of   t h e   p l u r a l i t y   of   d a t a   s t o r a g e   e l e m e n t s  

i n c l u d e d   in   t h e   d a t a   u n i t   d e s i g n a t e d   by  s a i d   f i r s t  

a d d r e s s   s e c t i o n ;   a n d  

a  f i f t h   s t e p   f o r   s e t t i n g   d a t a   of   one  d a t a   u n i t  

i n c l u d i n g   s a i d   r e p l a c e d   d a t a   a t   t h e   p l u r a l i t y   of  o r i g i n a l  

d a t a   s t o r a g e   e l e m e n t s   d e s i g n a t e d   by  s a i d   f i r s t   a d d r e s s  

s e c t i o n   in   s u c c e s s i o n   to   s a i d   f o u r t h   s t e p .  

6.  A  s c a n - i n   c o n t r o l   m e t h o d   a c c o r d i n g   to  c l a i m   1 ,  

w h e r e i n   s a i d   f i r s t   s t e p   i n c l u d e s :  

a  s i x t h   s t e p   f o r   g e n e r a t i n g   a  l o g i c a l   s c a n   a d d r e s s  

d e s i g n a t i n g   a  l o g i c a l   d a t a   u n i t   w h i c h   i s   to  u n d e r g o   t h e  

s c a n - i n   o p e r a t i o n   and  s c a n - i n   d a t a   i n c l u d i n g   a  p l u r a l i t y  

of   b i t s   to   be  s c a n n e d - i n   to   s a i d   l o g i c a l   d a t a   u n i t ;   a n d  

a  s e v e n t h   s t e p   f o r   t r a n s l a t i n g   s a i d   l o g i c a l   s c a n  

a d d r e s s   to  a  p l u r a l i t y   of  p h y s i c a l   s c a n   a d d r e s s e s   e a c h  

i n c l u d i n g   s a i d   f i r s t   a d d r e s s   s e c t i o n   and  s a i d   s e c o n d  

a d d r e s s   s e c t i o n ;  

w h e r e i n   s a i d   s e c o n d   to  f i f t h   s t e p s   a r e   r e p e a t e d   a  

n u m b e r   of  t i m e s   e q u a l   to  t h e   n u m b e r   of   s a i d   p h y s i c a l   s c a n  

a d d r e s s e s .  
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